Brassica napus and Brassica rapa are grown across six continents for purposes including oilseed, biofuel, vegetables and livestock fodder. Hybridisation between the two can downgrade seed quality reducing grower returns. We assess the similarity of flower visitor assemblages of both species to determine the applicability of pollinator management strategies to both. Insect taxa were collected using window traps placed within ten peakflowering fields, five each of B. napus and B. rapa (one cultivar/species) located in South Canterbury, New Zealand. Both crops contained similar flower visitor assemblages with 25 of 29 taxa in common. Of the 1549 insects counted, Apis mellifera was most abundant (~40% of individuals in both crops). Bombus terrrestris and the flies Delia platura, and Oxysarcodexia varia were also common. Crop location more likely influenced assemblage composition than crop species. Strategies to boost the role of bee and non-bee pollinators have potential benefits for both crops; however, a broader understanding of pollinator movement between crops is required to optimise seed purity and crop spacing.
INTRODUCTION
Many commercially important crops, including some Brassica spp., can benefit from pollination by insects. Brassica napus L. (rape) and Brassica rapa L. (turnip) are commonly grown in New Zealand for vegetable and forage seed, oilseed, livestock forage and vegetables but they readily hybridise (Stewart 2002 and references within) . A more holistic approach to improving pollinationmanagement strategies is desirable (Rader et al. 2012 ) so there is a need to understand the composition and effectiveness of managed and wild insect species represented within crop pollinator assemblages. Such information could improve both crop yields (Garratt et al. 2014 ) and seed purity by minimising inter-crop pollen flow (Mesa et al. 2013) . Whether such approaches require focus at the crop-species level will depend partly on the similarity of the pollinators that visit these crops. However, in New Zealand studies assessing the distinctiveness of flowervisitor assemblages between crops are lacking, even for those closely related species such as Brassica napus and Brassica rapa.
Both B. rapa and B. napus can be pollinated by a range of bee and non-bee insect (Rader et al. 2009; Garratt et al. 2014 ) and in a UK study there is some overlap between insects visiting the flowers of both plants (Ronca et al. 2017) . In terms of limiting unwanted gene flow between these crops via insect movement of pollen, studies have often considered the movement of relatively few pollinators, with a particular focus on social bees (e.g. Hayter & Cresswell 2006 ). However, more recent studies demonstrate the need to extend consideration to other pollinators, including other solitary bee and fly species, as they may also contribute significantly to pollen flow from Brassica crops (Chifflet et al. 2011; Ronca et al. 2017) .
In New Zealand, many crop species share a number of verified or potential pollinating species demonstrating their possible flexibility in multi-crop systems. At least four bee species and six fly species are pollinators of B. rapa (Rader et al. 2009; Howlett et al. 2011 ) and some of these have also been shown to pollinate a range of other crops including onion Allium cepa L. (Howlett et al. 2017a ); kiwifruit Actinidia.deliciosa (A.Chev.) C.F.Liang & A.R.Ferguson (Stavert et al. 2016) and avocado Persea americana Mill. (Rader et al. 2016) . Moreover, studies list a much broader range of generalist flower visiting species to B. rapa crops (Howlett et al. 2009a ) many of which also visit onion (Howlett et al. 2005 ) and carrot Daucus carota subsp. sativus (Hoffm.) Schübl. & G. Martens (Howlett et al. 2015) , kiwifruit (Howlett et al. 2017b ) and avocado (Read et al. 2017) . Moreover, at least some of these bee and non-bee pollinators have been shown to consistently move between a flowering crop and the surrounding environment (Mesa et al. 2013 ) and carry viable pollen over distance of at least 400 m . Therefore, information about the functional similarity of pollinator assemblages between closely related crops, such as B. rapa and B. napus, is necessary for better utilisation and control of pollinator assemblages within these crops.
Here the key flower-visiting species found in B. rapa and B. napus crops in South Canterbury, New Zealand were examined to determine whether both crops have similar or distinctive flower visitor assemblages. This knowledge is needed to assess whether or not pollinator management strategies might focus on the same mix of managed and wild pollinators for both crops and whether the same set of pollinators may contribute to unwanted pollen flow between the crops.
METHODS

Fields and sampling for ower-visiting insects
The work was conducted at peak flowering in ten fields comprising five each of B. napus 'Winfred' and B. rapa 'Hunter' . These fields were located within a 40-km radius from Hinds, South Canterbury, New Zealand. (44.0023° S, 171.5700° E). The field locations were: Temuka Guild Rd, Hinds, Christys Rd, Mayfield and Waipapa Rd for B. napus; and Temuka Guild Rd, Ward Rd, Dixons Rd, Lismore and Denshires Rd for B. rapa. Field size was 5-10 ha and were separated by distances greater than 2 km. Window-trap design and within-field placement were the same as those described in detail in Howlett et al. (2009a) . In summary, each trap consisted of a plastic grey tray (area 34.7 x 21.8 cm, depth 6.0 cm) containing water and detergent to capture flying insects. The tray supported two crosswise transparent Perspex® panes that projected 30 cm above the tray rim. Each trap was supported at crop flower height by a grey plastic holder attached to stakes. Five traps were placed in each field, one in each of four corners, (five metres inside the field boundary) and one trap in the field centre. They were left to capture insects over a period of six days (1-6 November, 2004) during the period at which the crops were at peak flower). Insects were classified into the families Apideae (bees); Diptera (flies); Coleoptera (beetles); and Lepidoptera (butterflies and moths). We only considered insects as flower visitors if they had previously been identified as such within other New Zealand crops including Daucus carota (Howlett et al. 2015) , Actinidia deliciosa (Howlett et al 2017b) , Persea americana, Allium cepa, Brassica rapa (Howlett et al. 2009a ). These were then counted from each trap sample. Insects <3mm diameter were not counted as other studies have considered larger bees and non-bee insects as the key pollinators of both crops (Garratt et al. 2014; Ronca et al. 2017) . Moreover, in New Zealand, insects <3-mm diameter were not found to play a significant role as pollinators of B. rapa ), despite their occurrence within these crops (Howlett et al. 2009b ).
Comparative size of oral structures
To determine whether the flowers of the chosen Brassica rapa and B. napus cultivars could be distinguished based on size, we measured the length of flower pedicels, petals, sepals, stigmas, inner stamens and outer stamens of fully open flowers. A total of 25 flowers were collected per field across all ten fields by selecting a flower from a primary inflorescence of each plant. Five plants were randomly selected within 1 m of each trap placement.
Statistical analyses
Total counts of flower-visiting insects were converted into a mean count per species per trap and four sets of analyses were then conducted as follows: 1. 
Multivariate analyses:
A correspondence analysis was used to assess the relationships between flower visiting taxa, fields and crop species. The analysis used data from a twodimensional table of counts, these being field sites and flower visiting taxa. This process allowed identification of those sites and taxa that varied most in the profile from the average over rows or columns. The method and its use have been described in detail by Greenacre (2007) . The primary results are presented as an Asymmetric Biplot, illustrating how each location related to the percentage of totals per trap for each species. Additional analyses were also conducted including a log linear model to determine whether percentages of each flower-visitor taxon varied between crop species, principle components analysis and canonical variates analysis to compare relationships between fields, crop species and flower visiting taxa. These are presented as supplementary material (Additional File 1 https://doi.org/10. 30843/ nzpp.2018.71.162.90) . All analyses were carried out with Genstat software (Payne et al. 2017) .
RESULTS
Data collected
Of the 50 traps that were placed across fields (five per field) 47 successfully captured flower-visiting insect samples across the five consecutive days. In seven of the ten fields, all five traps successfully collected samples. Of the remaining fields, four traps provided samples for two fields while three traps provided samples for the other field. (Walker, 1849) 0.4 (0.1,1.2) 0.0 (0.0,1.0) 9.82 0.071 Calliphora vicina (Robineau-Desvoidy, 1830) 0 
Flower-visitor abundances
Coleoptera
Coccinella undecimpunctata (Linnaeus, 1758) -Cannot meaningfully calculate a ratio with 0. * upper confidence limit for 0 is difficult to obtain so is omitted.
Diversity and richness of ower visitors between crop species
Of the 29 taxa recorded (Table 1) , 25 were collected in both crops. Counts were largely similar for each taxon although there were significantly higher catches of the bee L. sordidum in B. rapa (Table 1 ). There were no significant differences detected at the crop species level with respect to flower visitor diversity (P=0.834) or taxon richness (number of species; P=0.432) (Fig. 1) .
Relationships between ower-visitor taxa and elds/crop species
The correspondence analysis (Fig. 2) found the first two dimensions accounted for 74% (48% and 26%) of the variation in the data. Nine of the fields had similar scores on the first dimension being located to the right of the mean. In contrast, Mayfield is to the left (Fig. 2) , indicating that the insect assemblage in this field varied noticeably from the other fields. This field contained relatively higher percentages out of the total of O. varia and D. platura (the two species furthest left of the mean) than the other sites (Fig. 2) . There was greater differentiation between the other fields with respect to the second dimension, corresponding to a higher percentage in the assemblage of D. platura at Temuka Guild Rd (furthest below the mean), while Dixons Rd (was furthest above the mean corresponding to a higher percentage out of the total of Proscissio sp. (Fig. 2) . However, the strong overlap between the locations of the different crop species suggests no obvious differentiation in the insect assemblages relating to species (Fig. 2) .
Comparative size of oral structures
The mean length of the measured floral structures was consistently greater for B. napus flowers compared to B. rapa, demonstrating a difference in floral structure size between these two cultivars (Table 2) .
DISCUSSION
The findings obtained here support those from other studies (e.g. Pordel et al. 2007; Howlett et al. 2009a; Rader et al. 2012; Stanley & Stout 2014) by demonstrating that Brassica spp. can attract a diverse assemblage of flower-visiting insects compromising both bees and non-bee insects. However, no evidence was found that the assemblages differed between B. napus and B. rapa across the region assessed. Both crops also had similar flower visitor taxon richness and (Howlett et al. 2015) . However, when single varietal crops are grown in separate fields as in this study, local site factors can be the more important in influencing flower-visitor assemblage composition in at least some circumstances. The findings presented here (illustrated with correspondence analysis) imply that even over a relatively small spatial scale (all crops grown within a spatial radius of 40 km) field location was more influential on flower-visitor assemblage composition than crop species. In New Zealand, a study by Rader et al. (2012) assessing a single cultivar of B. rapa found pollinator species abundances could be very variable between regions (Canterbury and Southland, South Island) and seasons, significantly influencing the relative pollinator effectiveness of different insect species. The regional and seasonal differences Rader et al. (2012) observed in pollinator abundances across fields were much more substantial
Figure 2
Correspondence analysis asymmetric biplot, showing the principal score for each field (left) and standard scores (right) for each taxon. The principal scores are scaled by 3 to enable patterns to be seen. The star is at the mean. Black: B. napus. Red: B. rapa. The percentages indicate the amount of the total 'inertia' in the data that is associated with each of the two axes ('inertia' being analogous to variance; Greenacre 2007) . Oxysarcodexia varia versus Proscissio spp. were particularly associated with differences between fields in the first dimension (x-axis) and Proscissio sp. versus D. platura were the species most associated with the second dimension (y-axis). than those found here between the two crop species sampled simultaneously within a single region. This is likely due to factors such as biogeographical restrictions of certain species (e.g. native and introduced bees (Donovan 2007)), habitat preferences (e.g. the fly O. varia was more abundant in open pasture compared to dense vegetation in contrast to certain species of calliphorid flies (Henning et al. 2005) ) and seasonal variability in abundances (e.g. as observed for O. varia and different Calliphorid fly species ).
The overlap among insect species visiting both B. rapa and B. napus in the current study highlights the potential role that many insect flower visitors could play in unwanted gene flow via pollen transfer between these two Brassica species in New Zealand. Some of the taxa identified here are known to move viable pollen from B. rapa crops into surrounding habitat with the flies Odontomyia spp., Melanostoma fasciatum, and Melangyna novaezelandiae, transporting it at least 400 m . Growers in New Zealand, currently isolate open-pollinated brassica seed crops at distances of 1 km and 2 km for hybrid seed crops (AsureQuality Limited, Seed Certification Bureau 2009). However, understanding the movement of the many pollinating insects would assist in achieving appropriate crop spacing to limit unwanted gene flow while maximising field-placement opportunities.
On the other hand, the inability to differentiate between the diverse flower visitor assemblages of both B. napus and B. rapa crops point to the potential to develop and apply pollinatormanagement strategies that support a similar set of diverse pollinating species. Brassica napus seed yield is known to increase in the presence of a combination of A. mellifera and other wild pollinating species compared with just A. mellifera alone (Garibaldi et al. 2013) . Moreover, in New Zealand, many unmanaged insect species are capable pollinators of Brassica rapa (Rader et al. 2009; Howlett et al. 2011 ). Whether the same species are as equally efficient pollinators of B. napus in New Zealand needs to be assessed.
